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Executive summary 
When mapping the transfer of a skill or some knowledge between and expert and a novice there are 
many high-level tangible and intangible factors that are present. Three key factors are the type of 
task to be carried out, what domain will be interacted with and dimensions that define the tasks 
constraints. 
Tasks are activities that work with the perceptual, cognitive and developmental aspects of the 
person being trained. The Domain is what is being interacted with that might be a human being (the 
trainee or their colleagues), a machine (some equipment) or a specific environment (for example, a 
vehicle's internal space or external atmosphere).Lastly there are Dimensions that are the 
boundaries for the task that specify the space it will be carried out in, time factors that relate to 
how the timing of the task unfolds as well as the key aim, target or intention for the task. 
When a use case, comprising of specific activities to transfer learning, is mapped, there will be 
specific attributes that will be assessed which will relate to one or more combinations of Task, 
Domain or Dimension. When specific types of Task, Domain and Dimension are assigned weights of 
importance to an attribute, the scores can be added up to identify which factors are the most critical 
for an attribute, the learning activity as well as the use case as a whole.  
These patterns will be overlapped with the pattern of a bottom up level task class which will 
identify dominant skills pattern patterns required to perform the job. This pattern of scores can be 
used to define the requirements for training scenarios that will finally be captured, enacted and 
assessed. Then proper transfer mechanism may be then selected to design the learning platform 
which hosts a set of requirements for capture and enactment of the skills.  
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1. WEKIT Abbreviations 
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2. WEKIT Framework - Industry-focused 
Learning Methodology 
Advancements in industrial technology are rapid and competitive. Industries depend on the 
technological edge to stand out in the competitive market by introducing efficient and cost effective 
means. However, Human resource is clearly the most important resources an industry requires 
despite of technology advancement. Humans are valuable resources because of the experience and 
expertise they have to offer. But humans are also responsible for the errors involved in the accident 
(U.S. Department of Transport, 2013) and as humans age and retire they take their experience with 
them. Industries require methodologies that can capture the expertise and experience of the expert. 
They require platforms that can train new staffs to be the new expert in that domain and reduce the 
human factors error, all at lowest cost and time possible. The WEKIT framework aims to provide an 
innovative “industry-strength” learning methodology that is based on the idea of capturing 
shareable aspects of the experiences that - in aggregate - are characteristic of expertise in a domain, 
while decreasing the learning curve. These experiences include identified skills of an expert as they 
perform their task. The desired aspects will be made apparent to trainees via 
monitoring/feedback/replay devices by wearable Technology (WT). In that sense, trainees can 
“wear” and feel differences between their performance and the performance of a master performer, 
and can learn to emulate then eventually re-enact each step in a performance by an expert.  
AR superimposes real world with virtual information acting as a intermediate between the real 
world and the virtual simulation. The Reality-Virtuality continuum (Milgram, Takemura, Utsumi, & 
Kishino, 1995) clearly shows the relation between a real environment, AR and a virtual 
environment. However, AR is not limited to the sense of vision and can be applied to other senses 
such as hearing and touch and smell (Azuma et al., 2001). Additionally AR allows interaction with 
virtual world objects integrated in the real world which enables salient features of the real world 
phenomena to be explicitly represented. WEKIT exploits this tremendous potential of AR & WT as 
learning technology as it analyses the various data allowing more complex authentic learning by 
correlating our real environment to the geo-referenced information space. The experience enacting 
an expert, as a learner, will be augmented with guiding instruction, bringing up machine sensor 
data and additional information (such as social content in form of hints and tips) where required, 
using AR as a knowledge medium, while at the same time offering traditional textual and rich media 
learning resources. Real-time feedback and user behaviour validation will be provided so as to 
allow for formative assessment and progress control. 
Numerous studies have presented the potential of AR based guidance applications for maintenance 
tasks and AR based training systems (Olwal, Gustafsson, & Lindfors, 2008). Franklin (2006) 
concluded that the impact of AR Training depends on the specific requirements of the end user and 
in particular the realism of simulation required. WEKIT takes advantage of technological 
innovations and the significant development of user modelling and personalization processes 
which places the learner at the centre of the learning process. The platform allows for the 
measurement and evaluation of the trainees performance in modes and levels of detail that were 
not possible when performing the actual task in real world. Thus WEKIT projects a huge impact in 
acquisition and enhancement of fundamental skills, such as hand-eye coordination and perceptual 
skills ultimately leading to expertise. 
In WEKIT, expert experience will be captured using wearable sensors, recording the head position 
in the surrounding environment, the vision area, gestures, and other data in order to model the 
expertise and deliver the experience to trainees while complementing it with a standard training 
regime. The captured experience will be provided to trainees in the form of wearable and AR at the 
site of recording (workplace) or simulated remotely through AR devices such as Google Glass, 
Wearable Experience for 
Knowledge Intensive Training  
 
WEKIT project has received funding from the European Union’s Horizon 2020 research and  
innovation programme under grant agreement No 687669. http://wekit.eu/ 
Epson Moverio BT-200, and Meta-1. The methodology consists of three major phases described in 
the scenario below. 
2.1. Scenario 
The WEKIT Industrial Learning Methodology consists of three major phases: capturing expert 
experience, wearing expert experience by trainees, and analysis and post processing. These phases 
are conducted consequently, and a single captured expert experience can be used in multiple 
training and evaluation sessions. 
Preparation phase: This phase is responsible for design of the learning task to generate 
competency related to the task. During this phase the overall task and its objective is broken down 
into sub goals. Each sub goal is an isolated task with its unique set of skills and prerequisite 
knowledge. This provides a systematic approach to collecting expertise based on each individual 
subtask which eases the task of handling expertise in a complex task. However, this notion of 
breaking down expertise in a complex task domain may not be as simple as envisioned as expertise 
may be only relevant at certain complexity level and needs further analysis. 
Phase 1. Experience of an expert is captured based on the skill set requirement generated by the 
framework. For this, a industrial use case is fed into the framework. This generates a map of 
dominant skills and competencies required to perform the task. Based on this data appropriate 
capture mechanisms are integrated into the setup. The expert performs his task following the set of 
directives, like think aloud protocol while wearing capture sensors in form of WT. The sensors will 
then capture relevant information that it was designed to capture. 
Phase 2.   Enactment of the expert experience is conducted in the same/similar environment as it 
was captured. The novice will solve the subtask while wearing the setup of AR and WT that were 
relevant to the skill set generated. The sensors capture the surrounding environment around the 
trainee. The relevant hints and suggestions will be provided by the AR glasses depending on the 
sensed trigger. The suggestions may be provided in forms of audio and haptic feedback after 
comparing with novice data with captured expert model. 
Phase 3.  Every individual task is followed by a reflection phase to enforce the knowledge acquired. 
It can be an automated reflection based on the system inference or a usual reflective session with 
the expert where the expert evaluates the novice performance with the recorded data. Tools such 
as questionnaires may be used for reflection of the process. Each task may be repeated to 
strengthen the skill set. 
2.2. Implementation means 
First, the capturing of expert experience will be achieved through the use of wearable ambient and 
biofeedback sensors, tracking the human position and orientation of the person in space, gaze 
direction, videos of the vision area, 360 video, and audio - to capture the narration and ambient 
sounds, and gestures along with physiological data. All gathered sensor data will be stored and 
synchronized as a single experience recording or expert model. This tangible artefact will be 
available for trainees. 
Second, the re-enactment of the captured experience will be achieved by augmenting trainee 
experience with contextualized expert data in real time. For example, by 3D scanning the 
environment the system will know the position of both the expert and the trainee in space. 
Therefore, the relative position of the expert can be displayed for the trainee as an AR element. Data 
from other sensors will make the trainee aware of where the expert is looking, what the expert is 
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seeing, what the expert is saying, how the expert is handling the tools with hands, and more. In such 
a manner, the trainee will be able to experience the presence of the expert while working on a task. 
Third, the sensor data will allow post analysis of the activities for reflection, assessment and 
debrief. 
2.3. Desirable characteristics and potential benefits  
The WEKIT methodology as per mentioned in the proposal has been the overarching goal of the 
whole framework approach. It has guided the development of the framework by constraining the 
niche in terms of standards we need to explore and not just in terms of the performances criteria. 
These potentials will play role in the acceptance of the technology in industries and other domains 
alike 
1. Easy production and updating of training materials. The production of this kind of training 
material requires an expert to perform a needed task in only 1 session. 
a. Updating. Allows the efficient updating of training instructions from the expert 
when objects such as machinery or standards are updated as long as core skill set 
remains same. 
2. Performance improvements. Repeating after the expert or acting under a direct guidance 
can improve the skill and the following characteristics. 
a. Increase in dexterity and productivity. 
b. Improved fluency and precision. 
3. Flexibility. 
a. Variety of activities. Experience capturing and re-enactment can be done for 
different activities and at a large variety of spaces. 
4. Educational use cases. Three distinct use cases are enabled for each task. 
a. Training. Learning to perform new tasks by wearing experience of an expert. Post-
analysis allows debrief and feedback for the trainee performance. 
b. Assessment. Checking the level of skill and knowledge retention by performing a 
task without wearing the experience of an expert. Trainee experience is captured to 
later compare with expert experience. Post-analysis allows assessment, e.g., spotting 
errors. 
c. Assistance. Using captured expert experience as an immersive tutorial for assisting 
workers’ performance; using post-analysis to retrieve worker performance data in 
case of incidents. 
5. Personalization. Captured expertise will be modelled with inference techniques and 
feedback to create a personalized effect.  
a. Personal mentor effect. Wearing an expert’s experience while being monitored for 
personalized feedback simulates a personal mentor effect. 
b. Trainee experience profile. Creating a profile of the training process which allows 
for monitoring, assessing quality, and learning analytics. 
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6. High inspect ability of performance. An important characteristic of the proposed training 
method is the possibility to assess the quality of training and the level of skill that is 
achieved by the trainee. This will be achieved through: (i) the direct comparison of captured 
data between two users, including e.g., precision and speed of critical operations. (ii) 
Analyzing the log data and quickly deriving the number of errors or inaccuracies. (iii) 
Extracting from the contribution of many experts the optimal patterns in the performing of 
the same specific operations. This leads to the merging of patterns in an ideal performance 
that is used as a reference or as a standard of comparison. 
3. Goals 
This framework aims to guide the development and deployment of AR & WT experiential learning 
platform for industrial training. Research on AR learning platform is ongoing, but has not yet 
adjusted, theoretically or operationally, to the affordances associated with haptics, AR, WT or other 
modern ways to infer the learning process directly. The framework supports innovative approaches 
towards design of industrial training with informed tools and techniques while adhering to the 
overall project goal such as cost and efficiency of training. The framework aims to usher new 
methods of vocational training. In technical vocational situations, the change in technology and 
requirements are rapid and the need to update the knowledge among novices and masters is 
frequent. Thus, an efficient and effective methodologies and learning platform is required. This 
framework strongly builds upon the combination of the previous research on AR in industrial 
settings and the pedagogical assumptions. The framework identifies key factors that affect the 
industrial learning platform performance indicators and successful exploitation of the use case. The 
literature includes, but not limited to, disciplines such as “Expertise and expert performance” 
and”AR & WT”. A crucial task has been to identify causes of issues that are relevant in the industrial 
training scenario and to address those causes in the framework. 
Capture of Expertise: The directed attention mode of WEKIT’s industrial learning goes beyond the 
usually-cited classic literature on far transfer. As such, the objective of the framework is to capture 
experience or a.k.a. Expertise which will then be complemented with the learning design of the task 
at hand to train novices which allow simulation of apprenticeship model creating 2 standard 
deviations better learning performance (Bloom, 1984).  For this, key indicators of expert 
performance was identified by review of literature on expertise. The characteristics of the 
expertise, methods used to train this expertise, issues with training this expertise and requirements 
for the capture of the expertise was extracted. With the extracted information, the framework will 
develop a learning technology platform and methodology to simulate being an expert, enabling 
immersive, in-situ, and intuitive learning in an authentic context. 
Enable enactment of expertise: In order to efficiently make use of captured expert information to 
effectively train novices to expert, the training methodology must be carefully designed. In an 
Industry, Task may vary hugely in aims and skills required to complete the task and thus the 
expertise as well. Thus, the framework has been drafted with high focus flexibility and adaptability 
of methodologies rather than factors that age such as the technology. It identifies expertise and the 
methodologies used to transfer the expertise along with their pedagogic background. This allows 
each complex industrial task to be simplified in terms of individual expertise and a complementary 
learning task design with respective methodology that is pre supported by a theoretical grounding. 
 
Design of learning task: While expertise is indeed a major element in the framework, expertise 
cannot be separated from the domain. Achievement of Expertise, which can be classified mostly as a 
tacit form of knowledge, is highly dependent on the explicit knowledge. A complex industrial task 
requires multidisciplinary approach and various types of explicit knowledge and thus achieving 
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competency in such a task is plagued with difficulties such as requiring long duration of practice, 
access to huge contextual information, difficulty in understanding the underlying phenomena etc. 
This makes the learning process not only difficult for novice but also if not practiced with an 
informed approach may increase the cost and time of training with low competency results. 
However, Development of expertise requires competency in that domain. This makes it 
indispensable for the framework to consist of proper approach to train explicit knowledge while it 
is complemented by expertise training approaches early in the learning process. 
Requirement generation: Based on the survey results (D1.1 & D1.2), the framework identified 
industrial application scenarios and their respective educational objectives. These scenarios are 
aimed to exemplify operationalization framework. Framework operationalization will allow 
developers and designers to visualize the flow of work process of implementing the framework. 
This will also provide an internal reflection phase for the framework itself where factors such as the 
degree of interoperability and, feasibility of experience modelling will be analyzed. In doing so, the 
framework is able to produce more concrete requirements. The requirements must be elaborate 
and concrete enough to guide the development of learning platform and flexible to be updated as 
framework evolves over series of iterative experimentation. 
Evaluation of learning platform: The framework should clearly depict standards, requirements and 
performance indicators that will allow evaluation of platforms built upon the framework. The 
framework considers overall project performance indicators, such as time and cost, and adherence 
of the platform to the requirements among many performance test benchmark criteria. These 
criteria’s will evolve over time along with the framework. 
4. Background 
4.1. Expertise and Expert performance 
An expert is a skilful and well informed person who is well appreciated among the peers in his 
domain of expertise. Thus expertise refers to the characteristics of the expert that allows him to 
reproduce superior performance consistently and distinguishes him from the rest of the novice. 
Expert performance was initially viewed from two different perspectives, expertise due to superior 
mental abilities (Galton, 2001) and expertise due to repeated routine or experience. Galton 
reported the high frequency of experts relating to the small "superior" family tree reporting that 
the expertise lied in superior mental capabilities. However, Ericsson & Lehmann (1996) found that 
measures of mental capabilities were not valid predictors of expert performance and that the 
superior performance of the expert was always almost domain specific and relied heavily on the 
experience of the person. 
The second view bases expertise in terms of qualitative representation and organization of 
knowledge. This view is based on the fundamental theoretical assumptions that 1). An expert is 
predicted to have a more versatile mental model of the domain as compared to a novice which 
facilitates automation and complex problem solving (Miller, 1956), 2). Fundamental capacities and 
domain general reasoning capabilities are identical between an expert and a novice (Chi & Bédard, 
1992) and 3). The difference in the expert and novice performance is due to the way their 
knowledge is represented. Once an expert, he can efficiently recall and infer on the mental model to 
complete task with less errors and high efficiency. Modern field of Expert Systems and knowledge 
representations have made attempts to capture expert knowledge. However, Dreyfus, Drey-fus, & 
Zadeh (1987) argued that highest level of expertise are characterized by tacit knowledge that is 
impossible to report verbally. 
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As such, it is immediately not apparent how expertise can be generalized; especially due to the fact 
that expertise is highly dependent on the domain. Ericsson, Charness, Feltovich, & Hoffman (2006) 
addressed general characteristics of an expert in terms of their expert performance and their 
drawbacks. Experts performed well in terms of  
1. Superior Mental Knowledge: Experts are able to generate best solutions to the problem 
efficiently and accurately with the help of vast mental model created over time with 
experience  (Klein, 1993). More sophisticated and efficient mental models are created as 
new information are introduced during the practice of the task. Chess experts excelled at 
producing the best move in chess even under time constraints (De Groot, 1965). 
2.  Perceptual abilities: Experts are able to detect crucial clues relevant to the task that novices 
cannot by selecting and filtering relevant information. They are able to detect patterns 
(Lesgold et al., 1988) and understand the deep structure of the problem. 
3. Qualitative analysis: Experts as compared to novice spend more time on analysing the 
problem qualitatively. Experts handle complexity well by simulating the problem and 
comparing it with the pre existing knowledge they have. Experts rely on analogical 
reasoning and schematic techniques for selecting and monitoring a plan of action and taking 
decisions (Ericsson et al., 2006) 
4. Strategies: Experts also ace at selecting the best strategies. They are able recognize patterns 
and with their superior metacognitive skills intuitively take better decisions. Experts not 
only will know which strategy or procedure is better for a situation, but they also are more 
likely than novices to use strategies that have more frequently proved to be effective 
(Lemaire & Siegler, 1995). 
5. Cognitive effort: Due to the sophisticated mental model of the experts, experts are able to 
process information with minimum cognitive load. Learners develop chunking skills as they 
become more experienced which allows them to process more information faster. 
Additionally, their sophisticated mental model allows information from long term memory 
to be accessed faster (Alexander, 2003). They can also execute their skills with greater 
automaticity (Schneider, 1985) and are able to exert greater cognitive control over those 
aspects of performance where control is desirable.  
Understanding the shortcomings of an expert is equally as important. The Master in a domain is an 
expert who is qualified to teach at lower levels (Hoffman, 1998). An assumption can be made that a 
master is one who understands the shortcoming of an expert and is able to communicate more of 
his tacit knowledge. The shortcomings of an expert can be 
1. Domain limited: Experts are unable to transfer expertise outside of their domain. For 
example, the chess master's recall of randomized chess board positions is much less 
accurate than the recall for actual positions from chess games (Gobet & Simon, 1996). 
Expertise has been observed to develop over repeated routines and experience in a domain. 
Attempts to accelerate the gain of expertise have been made in single domain recently but 
the notion of general expertise training has not been researched. 
2. Failure to recall surface features: Experts tend to focus more on complex deep structure of 
the problem and overlook superficial features. They also have problem recalling minor 
details. Schmidt & Boshuizen (1993) observed that the fourth and sixth year medical 
students recalled more propositions about the case than the interns (Schmidt & Boshuizen, 
1993). The level at which the experts operate might be optimal but not attainable for 
novice. Thus captured expertise from a high level expert might not create the desired 
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learning outcomes but instead create more cognitive load. One method to mitigate this 
effect is to have expert who are only a few levels higher than novice to train the novice. 
3. Inaccurate prediction judgement and advice: Sometimes experts are inaccurate to predict 
the novice performance. This creates a judgemental error on the experts in terms of 
designing the difficulty and details of the lesson plan. In general, the greater the expertise 
the worse they were at predicting how quickly novices can perform a task, such as using a 
cell phone (Hinds, 1999). 
4. Inflexibility and bias: Despite the assumption that experts are able to adapt and quickly 
resolve the problems, experts tend to have difficulty diverting from the mental model they 
possess. Sternberg & Frensch (1992) found that the expert bridge players suffered more 
than the novice when the games bidding procedure was changed. Their decisions are made 
on the bias of the previous cases that they have amassed from their earlier experience. 
Expertise is not limited to successful completion of the task. Sternberg (1997) observed that 
intelligence is more than enough to complete a task successfully and that an expertise has to push 
further. It should be noted that training leads to high gains only during the early stages. Once the 
novice has gained most knowledge to solve that task, further gains are difficult to make. These gains 
can be termed as an expertise in that domain which requires larger efforts and experience. Thus, 
training expertise must be viewed with more than just traditional pedagogic approaches as 
acquiring expertise is not solely a cognitive matter. Many other factors such as the physical 
attributes, maintenance of desire and motivation, social support etc. play a huge role in of becoming 
an expert. 
It is indeed extremely crucial to train a novice on the explicit knowledge as they form the basis of 
expertise but expertise goes further to development of tacit knowledge. The WEKIT framework 
emphasises training not only the explicit knowledge but also tacit knowledge with complex 
methodologies early into the training enabling novice to gain expertise quickly. The above 
mentioned aspects of expertise allow us to constraints the framework and focus more on the 
general expertise that are visible in most expert as explicit knowledge are very domain specific. 
Explicit knowledge will be addressed with other learning theories such as 4CID(Van Merriënboer, 
Clark, & De Croock, 2002). 
4.2. Augmented Reality in Industry 
Though the idea to use AR for Manufacturing, Maintenance, Repair and Training in industrial 
environments dates back to the early 1990's (Caudell & Mizell, 1992), only a handful of projects 
have made it into industry. Regenbrecht, Baratoff, & Wilke (2005) and (Pang, Nee, Ong, Yuan, & 
Youcef-Toumi (2006) concluded that the application of AR in industrial context is still in its infancy. 
He reviewed 10 cases of AR application which failed during real world data trail and pointed that 
the reason to be the quantity, complexity and historic diversity of data. Similarly, Filho, Huang, 
Tewari, Jobin, & Modi (2015) proposed general approach and architecture to support contextual 
and mobile applications in industrial domains. The test raised concerns regarding ergonomics and 
Usability, technological limitations such as unreliable connectivity, indoor positioning systems and 
battery life. While the domain is still young and plagued with many issues, its potential cannot be 
denied. Research to integrate this technology into industries is ongoing as the hardware 
technologies are predicted to improve over the coming years. 
 
STARMATE & ARVIKA (Friedrich, 2002) an AR application oriented research integrated tracking, 
delivery and interaction in an industrial scenario. It aimed at testing AR in the development of 
products and the maintenance of machinery for the production. With user-centric design approach 
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and highly complex industry scopes such as aviation, ARVIKA generated a basic systems for AR on 
which scenario specific applications could be developed. Design requirements were generated by 
using a scenario based method assessing typical activities in the field of application while 
development was closely guided by the hardware and software ergonomics. Implementation 
examples in combination with different wearable and capture devices include various applications 
for structural simulation, scheduling, planning etc. Other leading groups such as the Mixed Reality 
Systems Laboratory (MRLab) in Nottingham etc. were united in the International Symposium on 
Mixed and Augmented Reality (ISMAR), which has become the major symposium for industry and 
research to exchange problems and solutions.  Fiorentino, De Amicis, Monno, & Stork (2002) 
introduced the SpaceDesign workspace that allows for instance visualisation and modification of 
car body curvature and engine layout. 
AR and WT has been extensively studied due to the potential benefit it offers in terms of training 
and education. Pathomaree & Charoenseang (2005) experimental results showed that the AR-
assisted training system had higher rate of skill transferability, and increased efficiency in assembly 
task. Macchiarella et al. (2005) reported improved training efficiency and better percentage of long 
term memory recall in flight and maintenance task by using AR to augment scenes in a highly 
memorable framework which complemented human information processing. However AR also 
shows high potential in assisting in day to day basis work in an industrial scenario. Regenbrecht et 
al. (2005) created an AR system for having a co-located collaborative meeting augmented tangible 
interfaces which allow collaborators to have a shared product representation while being able to 
manipulate, then modify the model in real time. Similarly, (Lawson, Pretlove, Wheeler, & Parker, 
2002) developed AR-based tele-operation techniques for enhanced visual analysis and task 
performance in hostile environments. 
In the case of Industries, working with complex mechanical equipment usually demands access to 
large documentations and rich continuous interactions between the people and the space. But 
Industrial environments still heavily rely on traditional means of media & communication which 
not only makes industrial work inefficient but also Training of the staff becomes equally more 
complex. Industrial technology must be capable of improving efficiency and reducing errors in its 
core. Thus industries require methods for training the novice into an expert with less time 
investment. Bacca et al. (2014) and Bower & Sturman (2015) did a review on affordances of AR & 
wearables respectively and observed that much of the shortcomings of traditional media can be 
lifted with help of AR & Wearable affordances both as a maintenance platform and an educational 
platform.  
AR also allows onsite training which fosters authentic learning & situated learning allowing novices 
to become experts in short duration. Macchiarella et al. (2005) developed an AR based aerospace 
industry applications to capitalize the hypothesized positive effects of AR based training. They 
concluded that the interactive AR had potential to increase retention of long term memory 
providing Just in Time Information. Adjacently, Simulations of phenomena overlaid into the real 
authentic platform lowers the cognitive load on the novice who has difficulty understanding the 
complex phenomena. Coffman & Klinger (2015) from their preliminary explorations with Google 
Glass identified that the main potentials of the AR & Wearable technology to be the ability to spark 
interest and creativity, the ability to facilitate collaboration, and the ability to improve feedback. 
WT not only allow visual feedback by tracking of user actions but it is also possible to provide in 
situ Guidance in terms of haptic feedback. Using First person view recording experts are able to 
tele-assist novice when immediate assistance is required. Moreover, WT allow hands free access 
which allows novices to get help without being interrupted.  
AR & WT is able to create a complete expertise training package by integrating task training with 
expertise training into the learning design. Contextual awareness is crucial element in perceptual 
expertise which in most cases is difficult to train. Modern trackers on WT display contextual 
information relating to the surrounding features which novice might otherwise have missed. 
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Complex activities such as collaboration were also identified as a significant potential for AR & 
wearable technology (De Freitas & Levene, 2003). Use of trackers allows team awareness and self-
broadcasting which significantly boost team collaboration. Thus, the potential of AR and wearable 
in industrial training is undeniable. However most of the potentials have been tested in a controlled 
environment individually or in smaller combinations. Industrial tasks are complex and require 
many skills and expertise to be activated. Combining all individual methodologies requires a higher 
governing agent which is the WEKIT framework. It ensures that all positive potentials of each 
methodology will be harvested while mitigating any negative consequences like, overwhelming the 
novice with lots of information, of the collection of methodologies while being hardware and 
Context independent. 
4.3. Theoretical grounding 
Technical expertise has heavily relied on apprenticeship model for transfer of experience from an 
expert in a domain to the learner. According to Pratt (1998) , the Apprenticeship model involves the 
learner within an authentic context of practice under close guidance of the expert resulting in 
effective (Bloom, 1984) transfer of knowledge. However, under normal circumstances these 
situations are not replicable. With the advent of technology, it is now possible to create intelligent 
tutoring systems that allow simulation of apprenticeship model. But intelligent tutoring systems 
rely on the traditional WIMP forms of interaction that do not do justice to technical expertise where 
complex skills such as psychomotor abilities etc. are involved. Technical studies still heavily rely on 
traditional means of media and communication but most industrial work involves rich continuous 
interactions between the people and the environment. 
AR & WT has shown tremendous potential as technology allowing more complex authentic 
learning. It host major advantages in terms of mobility, contextual awareness and facilitation of 
abstract to real world knowledge transfer with use of mixed reality creating possibilities for more 
advanced intervention and feedback. Students may feel more grounded in reality as they work in a 
physical area or move through an actual environment (Rosenbaum, Klopfer, & Perry, 2007). 
Authentic learning has shown potential benefits in bridging the informal to formal education with a 
problem based learning approach. Students have also reported positive motivation in authentic 
learning with complex real world problem solving. Students learn by doing and solving problems 
while the AR and WT systems provide dynamic feedback on the task being performed. 
Most complex real world problems are ill structured and require more than an algorithmic 
approach to be solved. They are open to many interpretations and students are required to identify 
the interweb of task and sub task components themselves. Most often it is assumed that knowledge 
of simple task performance, once acquired, transfers reliably to novel complex future problems as 
the sum of the parts   by sequencing a string of simplified solutions despite considerable evidence 
to the contrary e.g.,(Clark & Estes, 1999). The 4CID instruction model is designed to assist in the 
design of training programs of complex learning. It consists of four components namely (1) 
Learning task (2) Supportive information (3) Procedural information, and (4) Part task practice. 
Learning task are representative of both routine and no routine task. Learning task are designed by 
breaking the main task into sub task and arranging in a hierarchically class level based on their 
complexity and sequentially based on the prerequisite. Each task is scaffold into individual training 
sessions with each session accompanied by a reflection session. Scaffolding is a learning process 
designed to promote a deeper level of learning by personalizing and controlling the support 
provided to the learner. Supports vary from task difficulty to suggestions and feedback. Scaffolding 
is complemented by reflection phase. Reflection is the most important aspect in experiential 
learning. Reflection allows student to reflect on the task they performed allowing for better 
information retention and mental model generation. 
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The next component in the 4CID model is the supportive information. Supportive information helps 
with problem solving and reasoning. Supportive information deal with non-recurrent aspect of the 
task. Supportive information can be information that can be found in books and other resources. 
Supportive information can be on demand depending on the context or information required for 
the whole subtask such as use case. The third component is the Procedural information. It describes 
recurrent information required to perform recurrent task in a just in time fashion. The information 
can be presented as a step by step instructions or a feedback. It requires the condition action pairs 
to be identified that drive the routine behaviours and the prerequisite knowledge involved in the 
step. The last component of the 4CID model is the part task practice which recognizes that some 
parts of the task are automatic and recurrent. In order to develop the automation of the skill it is 
required that the learner practice the task repeatedly. 
5. Framework 
The framework attempts to successfully implement industry based pedagogic training. It utilizes 
AR & wearable to place students in an authentic problem solving context which allows smooth 
knowledge transfer from informal to formal learning. This framework will be based on learning 
theories such as problem based learning which will be integrated into 4CID and expertise model. 
There have been many educational applications of AR but the most relevant approach to transfer of 
technical expertise comes from Webel et al. (2011) who used AR for skill transfer in industrial 
training with 2 phases, capture of expertise and enactment of expertise. She stressed in the need to 
have an “AR Training” system as opposed to a guiding system by addressing the cognitive needs of 
the use as well. This was further supported by Schwald & de Laval (2003) who emphasized on the 
difference between training set-up and maintenance setup of the AR. In these terms we would like 
to refer to this framework as a training set up framework rather than maintenance assistance. 
It is apparent that industrial task comprise of more than cognitive load. It also requires 
psychomotor competency and many expertise aspects such as perceptual abilities. As expertise 
requires constant practice of the task despite having acquired competency, this framework 
accounts phases of competency achievement to expertise achievement. However unlike traditional 
approach of gaining competency and then expertise, the WEKIT set-up accelerates the attainment 
of expertise with expertise training methodology early into the learning design. Thus the 
differentiation of the 2 stages is diluted making attainment of expertise easier and quicker. 
Additionally, the framework must be flexible enough to be used in different task and scenarios to fit 
many use cases in industrial context. Thus we needed a boarder yet concrete perspective on 
general skill and expertise transfer which can be evaluated and implemented as single unit of the 
complex task. In order to achieve this, we have made 2 different approaches. A top down approach 
and bottom up approach. Figure 1 summarizes the 2 approaches and how these approaches 
combine to form a flexible and strong framework. The bottom up approach emphasises on 
individual unit task & their pedagogical affordances while the top-down approach emphasises on 
industrial cases and requirements. Each of the task type is mapped into the top-down matrix which 
produces a weight chart for that task. Each Industrial use case is then again mapped into the top-
down matrix which produces similar weight chart. Upon analysis it should be possible to predict 
the dominant skill dimensions. Based on that data, relevant (Task x Transfer mechanism) duple 
along with Theory can be selected to produce the best possible training scenario. 
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Figure 1. Approach to Framework 
From the bottom-up approach, each cell :( Task, Transfer) in task x Transfer mechanism matrix 
[Figure: Task x transfer Matrix] supported by literature represents industrial task type based on its 
dominant skill and attribute, ensuring that the set by itself can be isolated and evaluated. This 
matrix acts as intermediate between Task type and Transfer Methodologies which allows us to have 
a overlook of the most sound pedagogic methods to make sound decisions to support the task at 
hand. This Matrix is complemented by Task x Transfer mechanism descriptor document which 
details required attributes of the task type and required attributes of the transfer mechanism. 
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Figure 2. Task x Transfer mechanism Matrix. 
 
Table 1 
General Task Descriptor 
Attributes 
What are the most common attributes describing this task? 
Conditions of Mastery 
What are requirements to be fulfilled for successful task execution? 
Learning Difficulties 
What complications could be faced by the learner? 
Teaching Methodologies 
What are the traditional means of teaching that an expert teacher would 
use to these task? 
Supporting AR & WT transfer Mechanism 
Which AR/WT means could possibly support the learning of this kind 
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Table 2 
General Transfer Mechanism Descriptor 
Attributes 
How can the features be described? 
Requirements for recording 
How is the mechanism enabled during the recording? 
Which conditions need to be met to enable this feature? 
Which functionalities does the feature have to offer? 
Requirements for replay or enactment 
How is this feature enabled by/for the learner? 
What does this feature do? 
Which conditions need to be me to allow this feature to be present? 
Which interaction means does the learner have? 
 
From the top down approach, the Task x Domain x Dimension Matrix allows us to weight individual 
industrial task to extract attributes that can be matched to Task type classification attributes. This 
process will extract a skill dominance weight graph which will then allow inferring proper transfer 
mechanism for the task. 
5.1. High Level Framework mapping Skill/Knowledge Transfer  
When mapping the transfer of a skill or some knowledge between and expert and a novice there are 
many tangible and intangible factors that are present. Three key factors are the type of task to be 
carried out, what domain will be interacted with and dimensions that define the tasks constraints. 
1. Task: The transfer of learning is usually centred on the aim of performing a specific type of 
task. This can include engaging a person's perception of a situation. It could include how 
unfolding activity triggers cognitive processing and practical action, as well as physically, 
psychologically or social responded to. A novel situation that a person does not know how 
to respond to or a situation where a previous practice or Need way of doing things has 
become obsolete may need a person to change, adapt, build, develop or evolve what they 
were doing leading to a development of learning, practice or perception. 
2. Domain: The task will be focused on a particular domain or type of interaction such as 
communicating with a human being, a machine/device/instrument or will involve 
interaction with the Environment around them or internal to themselves within their body 
or mind. 
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3. Dimensions: Lastly the task will be confined to unfold within a setting that has clear 
boundaries of space and with time factors that relate to how the task unfolds at specific 
times, durations or frequencies. Within this spatio-temporal setting a specific 
target/intention will be addressed. This each are a dimension that form the boundaries or 
strategies for execution of the task. 
An overview of these high level framework categories is given in the following figure. 
 
Figure 3. High level framework categories 
 
Example 
An Astronaut is carrying out a psychological stress test. This is a cognitive task, and involves how 
the person interacts with the human being they are and so relates to the human domain. The task is 
carried out while he is attempting to control an external robot arm. This relates to him doing a 
practical/cognitive task. The robot arm is a machine in the external space environment, both of 
which are domain factors. This all happens during an unexpected meteor emergency at Sunrise of 
the Earth's horizon. The unexpected event will provide a developmental opportunity task that is 
centered in the external dimension of space at a particular time. A confining dimension for this task 
is that the target or intention is to return the robot arm back to its resting position. 
1. Tasks: There are perceptual, cognitive and developmental types of tasks which are explored 
in the following sections: 
a. Perceptual: (Awareness/ Engagement/Experience) 
The first stage of training focuses on Observation through Perceptual faculties 
related to the senses but also activity related to internal physiological 
responses. This aspect of training often examines how aware a candidate is of 
what is unfolding in a simulation, whether they are motivated or engaged as 
well as their capability to experience circumstances and pay attention. 
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b. Cognitive: (Management/Practice/Embodying) 
Once a person is aware of a set of unfolding circumstances and is able to 
engage with emerging issues in an experiential way they will then typically 
need to respond to the situation either by managing interaction between 
contributing factors, practice a skill or action in readiness for real world 
application. Perceptual acuity as well as Management and Practice Excellence 
eventually lead to an embodiment of responses actions and cognitive 
processing required to act on what is being perceived. This can include a 
person's attitude towards the task in hand or towards others involved as well as unfolding 
circumstances. 
c. Developmental: (Change, Build, Enhance and Evolve) 
It is important that if a novel or unusual set of circumstances emerge for which a 
person is not trained then they need to be able to adapt, evolve or change what 
they practice and how they manage as well as possibly change what they are 
observing or focusing on. If a practice worked in one environment but no longer 
works or the practice does not work in a new environment then there will need 
to be an evolution of cognitive processing and actions to follow the shift. 
2. Domains: A task will typically involve an interaction with a human, machine or environment 
domain and these are explored in the following sections: 
a. Human: (Personal/Interpersonal) 
A task will typically be done in relation to an individual activity or an activity 
shared with others. When the task is aimed at assessing or developing and 
individual, including tasks relating to the person working on their own state of 
well being and function it is a Personal task. When working on a task together with 
others it is an Interpersonal task. 
b. Machine: (AR/VR, Device, Engineering) 
Tasks will have a focus on training professionals through use of AR, VR and 
wearable technologies. Some tasks may not use any of these but nevertheless 
may use workplace devices or machines such as computers, instruments or other 
kinds of engineering 
 
c. Environment: Internal/External 
Tasks will be carried in an internal operating environment or an external one. 
Internal can mean inside a vehicle , room, building or even internal to a person 
relating to physiological or psychological factors. External tasks relate to those 
done outside of the typical operating environment, for example outside a 
vehicle, room, building as well as external to a person’s body. This can include 
experience of changes in environmental factors such as Light, pressure, 
atmosphere as well as forces of nature and Support infrastructures 
3. Dimensions: A task will typically involve an activity located in a specific space and will 
happen according to certain time factors aligned to addressing a particular target result or 
intention. These are explored in the following sections: 
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a. Space: (Local, Remote, Shared, Private, Virtual) 
All tasks will happen in a particular location in space. The task might be one to 
do in the immediate local environment of a person being trained. Alternatively 
it could be in a space shared with others or a private space. It might be a task 
that involves managing activity at a remote location. Or it might be all of these 
things engaged with in a virtual space and experienced through a virtual 
reality headset or an augmented reality application on a tablet display device. 
b. Time: (Moment, Duration, Frequency, Regularity, Acceleration) 
Each task will probably happen at a certain time or moment. It is likely to 
happen for a specific duration and may need to be carried out many times with 
a certain regularity or frequency. The frequency may need to be increased or 
decreased in a graduated way that either accelerates activity or decelerates it. 
The timing may change depending on actions of others or changes in 
circumstances. 
c. Target: (Intention/Purpose/Goal/Process/Mindset) 
Target is the underlying objective, aim or desired outcome shaped by a 
worldview or mission agenda.employs expressed cognitive behaviours and 
active faculties. It links to the intentions formed in relation to the aim seeking to 
be fulfilled or the process seeking to be progressed through. It defines the goals 
and the process, or strategy by which they are achieved. 
 
6. Operationalisation 
Expertise is more than competency and thus simple ability to complete the task cannot be 
described as an expertise. An expert is more than competent to complete the task under standard 
requirements. He is capable of producing consistent results without errors on repeated task while 
still being able to handle novel problems. Identifying an expert informally usually involves 
experience and peer review taken into account. It is argued that it takes 10 years of practice to 
attain such an expertise (Ericsson et al., 2006). Formally experts are defined in terms of their traits, 
physical & psychological factors and states, the emotional factors. WEKIT will deploy general 
acceptable standards to identify experts in the industries to capture expertise. Expertise will be 
captured in at least 3 iterations as Experts are not always able to exhibit their superior 
performance. Recording will be taken from 3 different experts under assumptions that their traits 
do not show much variance from each other. 
We assume that WEKIT framework by supplementing traditional complex task learning with 
expertise attainment methodologies is able to train a novice to be an expert more efficiently.  
Figuratively, the competent novice after wearing the WEKIT platform should have similar 
performance indicators scores of an expert after accounting smaller factors such as cognitive load 
and time taken to read the instructions. However, expertise cannot be measured in isolation from 
the domain. Thus, WEKIT performance indicators are based on isolated skills and their 
performance criterion of mastery. Representative task will used measure the performance of an 
expert in a standardized lab conditions which allow comparison of the novice performance against 
the expert. Testing of performance in a controlled environment may not always be a optimal case in 
industries with extremely complex task but it does allow track of performance in a novice which is 
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a positive indicator. Additionally each skill performance criteria can be individually measured with 
representative task related to the skill in question. 
In WEKIT framework, from bottom up approach, our task types are generated based on the 
literature review and is complemented by the industrial skills demands. Similarly, the mechanisms 
that are selected have been tested or will be individually tested to verify its potential in terms of 
skill transfer. While mechanism individually has a proven successful transfer rate, combinations of 
mechanisms may produce an undesired effect. The synergy between the mechanisms will need to 
carefully designed with help of pedagogic approach and previous use cases and tested upon each 
iteration.  
From a top-down approach, the identification of the skills are done on 2 phases. Firstly at least than 
3 experts rate the task type from 1-10 assigning the value in the Task x Dimension x Domain matrix 
generated in the bottom up approach. Descriptors of the value in each cell are presented in the 
appendix document. In similar manner 3 industrials experts rate the use case into the same matrix 
generating a similar weight which can then be compared to the task type weight to generate set of 
skills required. Then the set of transfer mechanisms may be selected from the bottom up approach 
to design the setup of the learning platform that address the dominant skill required in that 
particular task. 
6.1. Training Methodology 
A training scenario, as explored in the earlier example with the Astronaut, involves combinations of 
factors that will be assessed as an ecosystem. The tables that follow combine Tasks with Domains 
to illustrate the kinds of training points a scenario might want to include. In addition combination 
tables for Dimension and Domain as well as Task and Dimension are also collated. 
Table 3 
Task/Domain Combinations 
Task\Domain Human 
(Personal/ 
Interpersonal) 
Machine 
(AR Device/VR headset, VR 
App, Instrument, Interface, 
Engineering 
Environment 
Internal/External operating 
environment or 
within/outside an instrument, 
working target) 
Perceptual 
(Awareness/ 
Engagement/ 
Experience) 
● Tracking sensory inputs and 
interpretation. Visual / Auditory 
etc. 
● Discerning features and 
associations 
● Establishing sensory fidelity, 
breadth, precision and 
endurance. 
● Recognition of State 
● Recognition of instruments 
and readings. Sensors. 
Data transmission and 
storage. 
● Categorisation of Patterns 
and link to Workflow 
indicators 
● Recording/Sensing 
Visibility, Humidity, Ground 
Stability, Electrical Charge, 
Atmospheric conditions, 
Gravity, Radiation, Oxygen. 
● Archiving of environmental 
sensory data 
 
Cognitive 
(Management/ 
Practice/ 
Embodying) 
● Manual Tasks 
● Skill Practice. 
● Conditioning. 
● Harnessing to required target 
levels or conditions. 
● Cognitive processing / Managing 
relationships between sensory 
inputs and actioned outputs. 
● Management/ Maintenance 
of instruments. 
● Calibration of Sensors. 
● Presentation of Outputs and 
Indicators. 
● Action on emerging and 
established priorities 
indicated by readouts or 
operations 
● Maintaining Ambient 
factors such as Oxygen, 
Temperature, Humidity. 
● Sustaining working 
conditions aligned to 
specific tasks. 
● Protection from risks and 
Exposure to benefits. 
Developmental ● Improving speed, precision and 
continuity/ consistency/ 
● Enhancing breadth of 
awareness of indicators. 
● Developing effectiveness in 
wider set of Environmental 
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(Change, Build, 
Enhance and Evolve) 
endurance, frequency, regularity. 
● Adjusting behaviour in 
relationships for alignment to 
external relevance (calibration/ 
collaboration) and internal 
resonance (gut instinct/ trust/ 
standards). 
● Multi-tasking to manage 
many different instruments/ 
tools /processes /technical 
targets simultaneously. 
● Extending management of 
instruments to co-pilot 
systems together with 
others. 
scenarios. 
● Acquiring flexibility in skill 
within Internal and External 
environments. 
● Acting in variety of Weather 
/ Atmospheric conditions 
 
Table 4 
Dimension/Domain Combinations 
Dimension\ 
Domain 
Human 
(Personal/ 
Interpersonal) 
Machine 
(AR Device/VR headset, 
VR App, Instrument, 
Interface, Engineering) 
Environment 
Internal/External operating 
environment or 
within/outside an instrument, 
working target) 
Space 
(Local, Remote, 
Shared, Private, 
Virtual) 
●  Is this a personal task to be done 
by person in the space immediate to 
them (Personal/Local) while being 
observed by others? 
● Together with another person 
(Interpersonal/Shared)? 
● A task done in a space remote from 
the person (from one location to 
another). 
●  Is it to be done on their own 
(Personal/Private). 
●  Is this task to be done individually 
or in a shared way in a Virtual 
space? 
● Is this task to be done by 
a person together with a 
device or machine, for 
example an AR device, in 
the same space as their 
body (AR/Local)? 
● Is this task to be done by 
a team with a Virtual 
Reality device 
(Shared+Virtual, VR 
headset) 
● Is this task to be done by 
a person Remotely 
through a VR or AR 
channel (Ghost hands) 
●  Monitoring the Internal 
environment of a vehicle 
while in the local space of 
the vehicle (Local/Internal). 
●  Acting on an issue External 
to the operating 
environment. 
 (Local / External  -eg Robot 
Arm or EVA, Helicopter Rotor 
Blade repair or outside 
Operating theatre) 
●  Monitor emotional state of 
a person remotely 
(Remote/Internal). 
● Monitor external state of 
body of a person Locally 
(Local/External). 
Time 
(Moment, Duration, 
Frequency, 
Regularity, 
Acceleration) 
●   Measure heart rate. (Internal, 
frequency) 
●   What is behavior with others on 
waking up? (Moment, Interpersonal) 
●   How long have they spent being 
Social? (Duration, Interpersonal) 
 
● How frequently is a 
reading being taken using 
an AR interface? 
(Frequency, AR) 
● When was an adjustment 
remotely through a VR 
channel? (Moment, VR) 
● For how long was the 
person incrementing a 
setting through an AR 
dial? (Duration, 
Acceleration, AR) 
●  Measuring radiation 
external to the vehicle when 
exposed to Sun (Moment, 
Duration, External) 
●  Last reading of Oxygen 
Saturation before leaving 
Operating Theatre. 
(Moment, Internal) 
● Variation of external 
pressure over 10 minutes, 
post flight and prior to 
landing (Moment, Duration, 
External) 
Target 
Intention/Purpose/Go
al/Process) 
●  Passing Eyesight test prior to 
flight(Personal Goal) 
●   Agreement on roles while in orbit 
(Interpersonal Intention) 
●   Surgical Team to Improve blood 
flow in order to prevent tissue 
damage (Purpose/Interpersonal) 
● Replace damaged wiring 
in instrument panel 
through AR guidance 
(Goal, AR, Instrument) 
● Organise sequence of 
tasks to manage 
consequences of change 
in instrument replacement 
in VR Simulation 
(Intention, Purpose, 
Instrument, Interface, VR 
Headset) 
●  Ensure seal on external 
panel is aligned and secure 
(External, Purpose, Goal) 
● Use appropriate clamp to 
hold surgical opening in 
place ( Purpose, Internal to 
body/External to body) 
●  Ensure accelerometer 
responds in zero gravity 
simulation within capsule 
(Internal, Process) 
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Table 5 
 Task/Dimension Combinations 
Task\ 
Dimension 
Space 
(Local, Remote, Shared, 
Private, Virtual) 
Time 
(Moment, Duration, 
Frequency, Regularity, 
Acceleration) 
Target 
Intention/Purpose/ 
Goal/Process 
Perceptual 
(Awareness/ 
Engagement/ 
Experience) 
● Can a readout be seen in 
front of the engineer 
(Awareness, Local) 
● Is the remote surgeon 
motivated (Remote, 
Engagement) 
● Can a vibration be detected 
when with a fellow Astronaut 
(Experience, Shared) 
● When did a shift in 
temperature appear to be 
sensed (Moment, 
Awareness). 
● How regularly does the 
warning light come on? 
(Regularity, frequency, 
Awareness) 
● How long were the rotor 
blades observed as rotating 
after powering down? 
(Awareness, Moment, 
Duration) 
● Where the rotor blades 
observed after being powered 
down? (Awareness, Intention) 
● Was the right scalpel available 
within the VR Simulation? 
(Awareness, Goal) 
● Was atmospheric pressure 
noticeably affected while adjusting 
a control? (Awareness, 
Experience, Purpose) 
Cognitive 
(Management/ 
Practice/ 
Embodying) 
● Can candidate manage 
stress during pressure 
changes?(Management, 
Local, Private, Personal) 
●  Has sufficient practice been 
done on balancing related 
readings within VR dashboard 
for remote instrument? 
(Practice, Remote, Virtual) 
●  Can alpha level EEG 
activity be subconsciously 
maintained when time 
available for a local repair to 
be done with a colleague is 
reduced? (Embodying, Local) 
● Does ability to manage the 
task break down with 
environmental temperature 
exceeding operating 
constraints?(Moment, 
Management) 
● Increment duration and 
regularity of biopsy practice 
(Practice, Duration, 
Regularity) 
● Can Instruments be 
responded to before warning 
indicators are triggered? 
(Embodying, Moment) 
● Can the blood pressure be 
managed when clamps are 
removed? (Management of 
Purpose) 
● Can bolts on rotor be removed 
with correct tools and procedure? 
(Practice, Goal) 
●  Can readings on related 
instruments be interpreted for 
correlations and significance? 
(Embodying, Purpose, Goal) 
Developmenta
l 
(Change, Build, 
Enhance, Adapt and 
Evolve) 
● Can an unexpected 
complication be creatively 
compensated for when the 
resources for addressing are 
not accessible? (Evolve, 
Local) 
● Through AR interface what 
can be suggested  to remotely 
improve lubrication in bearing 
when operating below limits of 
temperature? (Enhance, 
Remote) 
● Can operating parameters 
be changed to compensate for 
a system going down during a 
VR simulation? (Change, 
Virtual) 
● Change observation 
frequency to compensate for 
change in blood pressure 
(Change, frequency) 
● Enhance Flight 
performance by adjusting 
rotational axis of blades, for 
short duration.  (Enhance, 
Duration) 
● Build oxygen filter from 
internally available parts to 
provide life support for a 
minimum of three hours 
(Build, Duration) 
● Change landing target goal to 
compensate for loss of fuel 
(Change, Goal) 
● Transfer to open surgery due to 
organ bleed (Adapt, Intention. 
Process) 
●  Power down non-critical 
instrumentation to enhance 
battery life (Change, Enhance, 
Adapt, Purpose, Goal) 
 
6.2. Completing the Task-Categories Map spreadsheet 
The Bottom-Up perspective aims to look at the framework by exploring a use case as consisting of 
transfer tasks comprising of specific training attribute to be experienced and assessed. These 
attributes are mapped to the Top-Down structure. A Bottom-Up view explores a typical use case as 
having a structure as follows: 
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Figure 4. Use Case, Transfer Task and Attribute relationship 
 
Table 6 
Examples of Use Case, Transfer Task and Attribute relationship 
Consider a Use Case that involves 
transferring skill or knowledge from an 
expert to a novice through the following 
component Transfer Tasks 
Slow Motion 
Zoom 
Think Aloud 
Object Enrichment 
Contextualisation 
Self-Awareness 
Directed Focus 
Case Identification 
 
An activity such as Directed Focus could 
consist of attributes/characteristics 
such as 
 
High Speed 
High Precision 
Decision Taking 
Collaboration 
High Memory 
Perceptual 
 
Each of these attributes can be considered to belong to one or more families of high level categories 
such as Tasks, Domains and Dimensions. The kinds of combinations discussed earlier found in the 
cells of the three tables can be laid out as columns in a spreadsheet. 
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Figure 5. Spreadsheet layouts for Task, Domain and Dimension combinations 
 
 
 
  
The Task/Domain/Dimensions are placed as columns in a spreadsheet and the transfer task 
attributes as rows. An attribute such as High Speed is associated with a particular high level 
category combination cell such Perceptual/Human or Space/Environment or Cognitive/Target. 
This cell has a weight of importance related to the transfer task associated with it. 
For example: Consider a use case that involved a transfer activity of Directed Focus. If we say it has 
attributes of High Speed and High Precision that might need to be assessed then we can relate all 
this to the type of task (Perceptual, Cognitive or Developmental) and the domain it is carried out in 
(Human, Machine or Environmental). 
We could say that the Focus activity's attribute of High Speed is partly a task that is Perceptual that 
involves working with a Human being. On a scale of 0-10 this might contribute a weight of 
importance that is 8. 
We could also say that the Focus activity's attribute of High Precision is partly a task that is 
Cognitive that involves working with a Machine. On a scale of 0-10 this might contribute less weight 
of importance that is 4. These scores are highlighted in the following map figure:  
  
 
Figure 6. Assigning attributes scores for Task, Domain and Dimension importance. 
When assigned weights to the other high level areas we might get a picture like those below. 
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 The totals for Task/Domain, Dimensions/Domain and Task/Dimension areas can be gathered to 
show the most critical areas as shown in the figure below: 
 
Figure 7. Weight Totals, for Task, Domain and Dimension Combinations 
So Task/Dimension is the most important high level aspect that must be evaluated in training for 
this Directed Focus activity with a total of 36+66=102. The Task/Domain is the next most 
important with a total of 24+24=48. Specifically, the High Precision attribute and how it relates to 
Task/Dimension is the most significant with a score of 66. 
If we add up all the columns for High Speed that relate to Perceptual elements we add up the 
Perceptual/Human, Perceptual/Machine as well as the Perceptual/Space and Perceptual/Time 
scores to get 8+4 and 8+4, a total of 24. In the following table you can see totals for High Speed in 
the first row and High Precision in the second. This total of 24 just calculated appears under 
Tasks/Perceptual in the first row's first cell. 
  
Figure 8. Weight Totals, for Task, Domain and Dimension Components 
When scores are collated across all areas it can be seen that in the example of this use case of a 
Directed Focus transfer activity that relates to assessing a High Speed attribute, the highest weights 
of importance appear in the Dimensions/Time, Domains/Human areas so training needs to be 
created that assesses these aspects. 
7. Requirements derived 
Referring to the explanation of the combination possibilities discussed in the earlier tables, aspects 
needed for training such as Dimensions/Time and Domains/Human can be referenced and an 
appropriate training and assessment scenario can be designed within the related WP1.4 activities. 
This framework generates requirements by extracting the skills relevant to the expertise in the 
industrial use cases. The skills are then complemented with transfer mechanism identified in the 
literature review. Appendix-1 Task classification section explicitly defines the conditions of mastery 
of certain task. These conditions are indicators that provide a vague measurement variable in order 
to measure the competency of the novice in that type of task. The task classification also consist of 
the complementing transfer mechanism which consist of 2 sets of requirements, namely 1. 
Recording requirements 2. Enactment requirements. Recording requirements consist of set of 
conditions that need to be met to capture the expertise of the expert. Similarly, Enactment 
requirements consist of conditions required for the learning with the expertise model captured. 
There application of 4CID Instructional design and other theories on industrial training also 
generated some design requirements. Furthermore, as testing of different combinations of transfer 
mechanism are conducted, additional requirements are expected to be enlisted. 
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8. Conclusions 
WP1.3 WEKIT framework and methodology has been active since the start of project 6 months ago. 
To this date this work package has been working in parallel with WP1.1 and WP1.2 accepting 
inputs and producing outputs to WP1.4. In this process we have made a thorough analysis of 
current literatures in different domains related to Expertise, AR & WT.  The literature were selected 
on the preference of Industrial implementation cases, Skills transfer and other selected terms. 
During this review, we identified general task type based on dominant skills along with descriptors 
that were relevant in the project. We also identified different skill transfer mechanism used in the 
literature. Each Transfer mechanism consisted of descriptors that such as capture requirement and 
transfer requirement which generate set of requirements for the general WEKIT use case. Along 
with requirements generation, we have identified methodologies to design the learning task to 
achieve the desired performance benchmarks. We have identified methodologies and matrix that 
enable us to implement any industrial training scenario with the framework. 
The framework is in its infancy and requires vigorous experimentation. While the need to identify 
more task types and transfer mechanisms exist, much of the transfer mechanisms and task type 
need to tested with a general prototype. More vigorous literature analysis is required to maintain 
the cutting edge of the framework. May be a deeper insight into expertise and related 
psychometrics will allow us to significantly predict the outcomes of the training. Similarly the top-
down approach will have many industrial use cases fed into to modify and evolve the matrix. This 
procedure will also assist in operationalization of the framework. Much of the standards for 
operationalization such as validated and reliable scales have to be made explicit. A strong 
operationalization will assist in reuse of data and validation of the system itself during the 
evaluation. 
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